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(54) Vehicle steering apparatus

(57) In a vehicle steering apparatus, a steering ac-
tuator (3) is controlled so that the steering angle varies
in accordance with the operation of an operating mem-
ber (2). A transmission mechanism (20) connects an op-
erating side rotating member (12) that is mechanically
connected to the operating member (2) and a vehicle

wheel side rotating member (13) that is mechanically
connected to the vehicle wheels (4) so that the mutual
transmission of rotation is possible. Furthermore, the ro-
tational transmission ratio between the operating side
rotating member (12) and the vehicle wheel side rotating
member (13) can be varied.
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Description

[0001] The present invention relates to a vehicle
steering apparatus in which the steering characteristics
of the vehicle can be altered by the control of an actua-
tor.
[0002] There are vehicle steering apparatuses in
which the steering characteristics can be altered by the
control of a steering actuator. Such steering apparatus-
es include an apparatus with a so-called steer-by-wire
system in which an operating member is not mechani-
cally connected to the wheels of the vehicle, and an ap-
paratus in which an operating member is mechanically
connected to the wheels of the vehicle.
[0003] In the steering apparatus that employ the
steer-by-wire system, without mechanically connecting
the operating member having a shape of a steering
wheel to the wheels of the vehicle, the steering charac-
teristics are altered by transmitting the movement of the
steering actuator to the wheels of the vehicle so that a
variation in the steering angle is generated. In the steer-
ing apparatus in which the operating member is me-
chanically connected to the wheels of the vehicle, the
rotation of an input shaft corresponding to the operation
of the steering wheel is transmitted to an output shaft
via a variable transmission ratio mechanism such as a
planetary gear mechanism or the like, the rotation of this
output shaft is transmitted to the wheels of the vehicle
so that a variation in the steering angle is generated,
and the steering characteristics are altered by driving
the ring gears or the like in the planetary gear mecha-
nism by the steering actuator.
[0004] In the steering apparatus that employ the
steer-by-wire system, a fail-safe function which is used
to steer the wheels of the vehicle in the case of trouble
with the actuator or control system is required. Conven-
tionally, a system has been proposed in which a fail-safe
function is realized by using a clutch or the like to con-
nect an operating side rotating member that is mechan-
ically connected to the operating member with a vehicle
wheel side rotating member that is mechanically con-
nected to the wheels of the vehicle in the case of such
trouble in the actuator or control system. However, since
the abovementioned operating side rotating member
and vehicle wheel side rotating member are not me-
chanically connected to each other on normal circum-
stances, the reliability of this function as a fail-safe func-
tion is insufficient.
[0005] In the steering apparatus in which the operat-
ing member is mechanically connected to the wheels of
the vehicle via a variable transmission ratio mechanism,
the movement of the wheels of the vehicle and the
movement of the operating member interfere with each
other when control for the purpose of compensating for
fluctuations in the steering angle caused by irregularities
in the road surface or the like is performed. Accordingly,
a smooth operating feeling that is unaffected by irregu-
larities in the road surface or the like, and operation of

the operating member without any resistance, are im-
possible.
[0006] It is an object of the present invention to pro-
vide a vehicle steering apparatus that can solve the
abovementioned problems.
[0007] The vehicle steering apparatus of the present
invention comprises an operating member, a steering
actuator, a steering gear which transmits the movement
of the steering actuator to the vehicle wheels so that a
variation in the steering angle is generated, a control
system which is capable of controlling the steering ac-
tuator so that the steering angle varies in accordance
with the operation of the operating member, an operat-
ing side rotating member which is mechanically con-
nected to the operating member so as to rotate in ac-
cordance with the operation of this operating member,
a vehicle wheel side rotating member which is mechan-
ically connected to the vehicle wheels so as to rotate in
accordance with the variation in the steering angle, and
a transmission mechanism which mechanically con-
nects the operating side rotating member and the vehi-
cle wheel side rotating member to each other so that the
transmission of rotation is possible, and so that the ratio
of the rotational transmission can be varied.
[0008] In the present invention, since the operating
side rotating member that is mechanically connected to
the operating member and the vehicle wheel side rotat-
ing member that is mechanically connected to the vehi-
cle wheels are capable of the mutual transmission of ro-
tation via the transmission mechanism, the reliability of
the fail-safe function can be improved.
[0009] It is desirable that the vehicle steering appara-
tus of the present invention comprise an adjustment ac-
tuator that is used to adjust the ratio of rotational trans-
mission by the transmission mechanism, and a control
system which is capable of controlling this adjustment
actuator so that the ratio of rotational transmission by
the transmission mechanism can be varied.
[0010] By using such control of the adjustment actu-
ator to vary the ratio of rotational transmission between
the vehicle wheel side rotating member and the operat-
ing side rotating member, it is possible to cause rotation
of the operating side rotating member without this rota-
tion being affected by the rotation of the vehicle wheel
side rotating member. As a result, an arbitrary operating
torque can be caused to act on the operating member
without being affected by variations in the steering an-
gle, so that steering operation can be smoothly accom-
plished without any mutual interference between the
movement of the wheels of the vehicle and the move-
ment of the operating member. For example, the vehicle
steering apparatus of the present invention can com-
prise means for determining the amount of operation of
the operating member, means for storing in memory a
set relationship between the amount of operation of the
operating member and the target steering angle, means
for calculating the target steering angle from the deter-
mined amount of operation of the operating member and
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the stored relationship, means for determining the actu-
al steering angle, means for storing in memory a set re-
lationship between the amount of operation of the oper-
ating member and the target operating torque, means
for calculating the target operating torque from the de-
termined amount of operation of the operating member
and the stored relationship, and means for determining
the actual operating torque of the operating member.
Furthermore, the abovementioned steering actuator is
made controllable so that the deviation between the tar-
get steering angle and actual steering angle is reduced,
and the abovementioned adjustment actuator is made
controllable so that the deviation between the target op-
erating torque and the actual operating torque is re-
duced. Furthermore, the adjustment actuator can be
made controllable so that a torque oriented in an arbi-
trary direction acts on the operating member. The oper-
ating torque that acts on the operating member when
the steering angle is varied can be reduced to zero by
making the abovementioned adjustment actuator con-
trollable so that the rotational force acting on the oper-
ating side rotating member is reduced to zero. Moreo-
ver, in cases where a fail-safe system in which the op-
erating member and the vehicle wheels are connected
via the abovementioned operating side rotating member
and vehicle wheel side rotating member is caused to
function when an abnormality in the steering actuator is
detected, the torque that is caused to act on the oper-
ating member by the adjustment actuator can be con-
trolled.
[0011] It is desirable that the vehicle steering appara-
tus of the present invention comprise abnormality de-
tection means for detecting an abnormality in the adjust-
ment actuator, and a restraining mechanism that is ca-
pable of restraining the variation in the ratio of the rota-
tional transmission between the operating side rotating
member and the vehicle wheel side rotating member,
and that the variation in the ratio of the rotational trans-
mission between the operating side rotating member
and the vehicle wheel side rotating member is restrained
by the restraining mechanism, the driving of the adjust-
ment actuator is stopped, and the steering actuator is
controlled so that a steering assist torque is caused to
act, in cases where the abnormality is detected in the
adjustment actuator.
[0012] As a result, the steering apparatus can function
as a power steering apparatus in cases where an ab-
normality is detected in the adjustment actuator.
[0013] It is desirable that the vehicle steering appara-
tus of the present invention comprise abnormality de-
tection means for detecting an abnormality in the adjust-
ment actuator, and a restraining mechanism that is ca-
pable of restraining the variation in the ratio of the rota-
tional transmission between the operating side rotating
member and the vehicle wheel side rotating member,
and that the variation in the ratio of the rotational trans-
mission between the operating side rotating member
and the vehicle wheel side rotating member is restrained

by the restraining mechanism, and the driving of the ad-
justment actuator and steering actuator is stopped, in
cases where the abnormality is detected in the adjust-
ment actuator.
[0014] As a result, the steering apparatus can function
as a manual type steering apparatus in cases where an
abnormality is detected in the adjustment actuator.
[0015] It is desirable that the vehicle steering appara-
tus of the present invention comprise abnormality de-
tection means for detecting an abnormality in the adjust-
ment actuator, and that the driving of the adjustment ac-
tuator is stopped, and the transmission of rotation be-
tween the operating side rotating member and the vehi-
cle wheel side rotating member is stopped, in cases
where the abnormality is detected in the adjustment ac-
tuator.
[0016] As a result, even if an abnormality occurs in
the adjustment actuator, the steering angle can be var-
ied by controlling the steering actuator in accordance
with the operation of the operating member, and there
is no interference with the operation of the operating
member.
[0017] It is desirable that the vehicle steering appara-
tus of the present invention comprise abnormality de-
tection means for detecting an abnormality in the adjust-
ment actuator, a restraining mechanism that is capable
of restraining the variation in the ratio of the rotational
transmission between the operating side rotating mem-
ber and the vehicle wheel side rotating member, and a
change-over switch for the abnormality handling modes
that is used in cases where the abnormality is detected
in the adjustment actuator, and that the switching of the
abovementioned switch enables selection of one of
three modes, i. e., a mode in which the variation in the
ratio of the rotational transmission between the operat-
ing side rotating member and the vehicle wheel side ro-
tating member is restrained by the restraining mecha-
nism, the driving of the adjustment actuator is stopped,
and the steering actuator is controlled so that a steering
assist torque is caused to act, a mode in which the var-
iation in the ratio of the rotational transmission between
the operating side rotating member and the vehicle
wheel side rotating member is restrained by the restrain-
ing mechanism, and the driving of the adjustment actu-
ator and the steering actuator is stopped, and a mode
in which the driving of the adjustment actuator is
stopped, and the transmission of rotation between the
operating side rotating member and vehicle wheel side
rotating member is stopped.
[0018] As a result, in cases where an abnormality is
detected in the adjustment actuator, either a mode in
which the steering apparatus is caused to function as a
power steering apparatus, a mode in which the steering
apparatus is caused to function as a manual type steer-
ing apparatus, or a mode in which the steering actuator
is controlled in accordance with the operation of the op-
erating member, can be selected.
[0019] It is desirable that the vehicle steering appara-
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tus of the present invention comprise abnormality de-
tection means for detecting an abnormality in the steer-
ing actuator, and a restraining mechanism that is capa-
ble of restraining the variation in the ratio of the rotation-
al transmission between the operating side rotating
member and the vehicle wheel side rotating member,
and that the variation in the ratio of the rotational trans-
mission between the operating side rotating member
and the vehicle wheel side rotating member is restrained
by the restraining mechanism, the driving of the steering
actuator is stopped, and the adjustment actuator is con-
trolled so that a steering assist torque is caused to act,
in cases where the abnormality is detected in the steer-
ing actuator.
[0020] As a result, the steering apparatus can be
caused to function as a power steering apparatus by the
adjustment actuator in cases where an abnormality is
detected in the steering actuator.
[0021] It is desirable that the vehicle steering appara-
tus of the present invention comprise abnormality de-
tection means for detecting an abnormality in the steer-
ing actuator, and a restraining mechanism that is capa-
ble of restraining the variation in the ratio of the rotation-
al transmission between the operating side rotating
member and the vehicle wheel side rotating member,
and that the variation in the ratio of the rotational trans-
mission between the operating side rotating member
and the vehicle wheel side rotating member is restrained
by the restraining mechanism, and the driving of the ad-
justment actuator and the steering actuator is stopped,
in cases where the abnormality is detected in the steer-
ing actuator.
[0022] As a result, the steering apparatus can function
as a manual type steering apparatus in cases where an
abnormality is detected in the steering actuator.
[0023] It is desirable that the vehicle steering appara-
tus of the present invention comprises abnormality de-
tection means for detecting an abnormality in the steer-
ing actuator, and means for detecting a variable that ex-
presses the operating state of the vehicle, and that the
driving of the steering actuator is stopped, and the ad-
justment actuator is controlled so that the ratio of the
rotational transmission between the operating side ro-
tating member and the vehicle wheel side rotating mem-
ber is varied in accordance with the detected variable
that expresses the operating state of the vehicle, in cas-
es where the abnormality is detected in the steering ac-
tuator.
[0024] As a result, even if an abnormality occurs in
the steering actuator, the steering apparatus can func-
tion as a steering apparatus that is capable of altering
the steering characteristics in accordance with the op-
erating state of the vehicle.
[0025] It is desirable that the vehicle steering appara-
tus of the present invention comprises abnormality de-
tection means for detecting an abnormality in the steer-
ing actuator, a restraining mechanism that is capable of
restraining the variation in the ratio of the rotational

transmission between the operating side rotating mem-
ber and the vehicle wheel side rotating member, means
for detecting a variable that expresses the operating
state of the vehicle, and a change-over switch for the
abnormality handling modes that is used in cases where
the abnormality is detected in the steering actuator, and
that the switching of the abovementioned switch ena-
bles selection of one of three modes, i. e., a mode in
which the variation in the ratio of the rotational transmis-
sion between the operating side rotating member and
the vehicle wheel side rotating member is restrained by
the restraining mechanism, the driving of the steering
actuator is stopped, and the adjustment actuator is con-
trolled so that a steering assist torque is caused to act,
a mode in which the variation in the ratio of the rotational
transmission between the operating side rotating mem-
ber and the vehicle wheel side rotating member is re-
strained by the restraining mechanism, and the driving
of the adjustment actuator and the steering actuator is
stopped, and a mode in which the driving of the steering
actuator is stopped, and the adjustment actuator is con-
trolled so that the ratio of the rotational transmission be-
tween the operating side rotating member and the vehi-
cle wheel side rotating member is varied in accordance
with the abovementioned variable that expresses the
operating state of the vehicle.
[0026] As a result, either a mode in which the steering
apparatus can be caused to function as a power steering
apparatus, a mode in which the steering apparatus can
be caused to function as a manual type steering appa-
ratus, or a mode in which the steering characteristics
can be altered in accordance with the operating state of
the vehicle, can be selected in cases where an abnor-
mality is detected in the steering actuator.
[0027] It is desirable that the vehicle steering appara-
tus of the present invention comprises abnormality de-
tection means for detecting an abnormality in the adjust-
ment actuator, abnormality detection means for detect-
ing an abnormality in the steering actuator, and a re-
straining mechanism that is capable of restraining the
variation in the ratio of the rotational transmission be-
tween the operating side rotating member and the vehi-
cle wheel side rotating member, and that the variation
in the ratio of the rotational transmission between the
operating side rotating member and the vehicle wheel
side rotating member is restrained by the restraining
mechanism, and the driving of the adjustment actuator
and the steering actuator is stopped, in cases where the
abnormality in the adjustment actuator and the abnor-
mality in the steering actuator are detected.
[0028] As a result, the steering apparatus can function
as a manual type steering apparatus in cases where ab-
normalities are detected in the adjustment actuator and
steering actuator.
[0029] It is desirable that the vehicle steering appara-
tus of the present invention comprises abnormality de-
tection means for detecting an abnormality in the control
system of the steering actuator and the adjustment ac-
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tuator, and a restraining mechanism that is capable of
restraining the variation in the ratio of the rotational
transmission between the operating side rotating mem-
ber and the vehicle wheel side rotating member, and that
the variation in the ratio of the rotational transmission
between the operating side rotating member and the ve-
hicle wheel side rotating member is restrained by the
restraining mechanism, and the driving of the adjust-
ment actuator and the steering actuator be stopped, in
cases where the abnormality is detected in the control
system.
[0030] As a result, even if an abnormality occurs in
the control system, the steering apparatus can function
as a manual type steering apparatus.
[0031] It is desirable that the abovementioned trans-
mission mechanism have three elements that are capa-
ble of relative rotation, that the ratio of the rotational
transmission between two of the elements can be varied
in accordance with the variation in the rotational speed
of the third element, that one of the three elements is
connected to the operating side rotating member, that
one of the elements that is not connected to the operat-
ing side rotating member is connected to the vehicle
wheel side rotating member, that the remaining element
is driven by the adjustment actuator, and that the ratio
of the rotational transmission is varied by controlling the
adjustment actuator by means of the control system. In
this case, the abovementioned transmission mecha-
nism has a planetary gear mechanism in which a plan-
etary gear that engages with a sun gear and a ring gear
is held by a carrier, and this sung gear, ring gear and
carrier can be taken as the abovementioned three ele-
ments that are capable of relative rotation. As a result,
the transmission mechanism can easily be structured
from a known rotational transmission mechanism.
[0032] It is desirable that the transmission of rotation
between the operating side rotating member and the ve-
hicle wheel side rotating member via the transmission
mechanism can be stopped in a state in which a me-
chanical connection between the operating side rotating
member and the vehicle wheel side rotating member is
maintained by the transmission mechanism.
[0033] As a result, the operating torque can be re-
duced to zero when there is a variation in the steering
angle without any need for the adjustment actuator or
control system.
[0034] According to the present invention, a fail-safe
function can be securely obtained by means of a simple
structure, and without any need for lowering the steering
feeling experienced by the driver, in a vehicle steering
apparatus in which the steering angle is varies by the
control of an actuator.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035]

Fig. 1 is a structural explanatory diagram of a vehi-

cle steering apparatus in an embodiment of the
present invention;
Fig. 2 is a sectional view of the transmission mech-
anism of the vehicle steering apparatus in the em-
bodiment of the present invention;
Fig. 3 is a block diagram which shows the control
structure of the vehicle steering apparatus in the
embodiment of the present invention;
Fig. 4 (A) is a graph which shows the relationship
between the amount of operation of the operating
member and the target steering angle of the vehicle
steering apparatus, Fig. 4 (B) is a graph which
shows the relationship between the amount of op-
eration of the operating member and the target op-
erating torque in the embodiment of the present in-
vention;
Fig. 5 (A) is a structural explanatory diagram of the
restraining mechanism of the vehicle steering ap-
paratus, Fig. 5 (B) is a structural explanatory dia-
gram of a modification of the restraining mechanism
in the embodiment of the present invention;
Fig. 6 is a graph which shows the relationship of the
target steering torque, the amount of operation of
the operating member and the speed of the vehicle
of the vehicle steering apparatus in the embodiment
of the present invention;
Fig. 7 is a graph which shows the relationship of the
speed of the vehicle and the target value of the ratio
of the rotational transmission between the rotating
members of the vehicle steering apparatus in a fifth
modification of the present invention; and
Fig. 8 is a flow chart which shows the control pro-
cedure of the control device of the vehicle steering
apparatus in the embodiment of the present inven-
tion.

[0036] The vehicle steering apparatus 1 shown in Fig.
1 comprises an operating member 2 in the shape of a
steering wheel, a steering actuator 3, and a steering
gear 5 which transmits the movement of the steering ac-
tuator 3 to the left and right vehicle wheels 4 so that a
variation in the steering angle is generated. A known
electric motor such as a brushless motor or a hydraulic
motor can be adopted as the steering actuator 3. The
steering gear 5 has a motion converting mechanism that
converts the rotational motion of the output shaft of the
steering actuator 3 into the linear motion of a steering
rod 7. The movement of the steering rod 7 is transmitted
to the vehicle wheels 4 via tie rods 8 and knuckle arms
9, so that the toe angle of the vehicle wheels 4 varies.
In the present embodiment, this motion converting
mechanism is structured from a pinion 10 that is at-
tached to the output shaft of the steering actuator 3, and
a rack 11 that engages with this pinion 10. The rack 11
is formed on the steering rod 7. There are no particular
limitations on the structure of the steering gear 5 as long
as the movement of the steering actuator 3 can be trans-
mitted to the vehicle wheels 4 so that the steering angle
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varies. The wheel alignment of the vehicle wheels 4 is
set so that a self-aligning torque is generated.
[0037] An operating side rotating member 12 in the
shape of a shaft is mechanically connected to the oper-
ating member 2 so that this operating side rotating mem-
ber 12 rotates in accordance with the operation of the
operating member 2. The operating side rotating mem-
ber 12 of the present embodiment is attached so that
this member rotates together with the operating member
2. It is sufficient if the operating side rotating member
12 is mechanically connected to the operating member
2 so that this operating side rotating member 12 rotates
in accordance with the operation of the operating mem-
ber 2; for example, the members can be connected via
a speed-change gear mechanism.
[0038] A vehicle wheel side rotating member 13 is me-
chanically connected to the vehicle wheels 4 so that this
vehicle wheel side rotating member 13 rotates in ac-
cordance with the variation in the steering angle. The
vehicle wheel side rotating member 13 of the present
embodiment is connected so that this vehicle wheel side
rotating member 13 rotates together with a pinion 14 that
engages with the abovementioned rack 11. It is suffi-
cient if the vehicle wheel side rotating member 13 is me-
chanically connected to the vehicle wheels 14 so that
this vehicle wheel side rotating member 13 rotates in
accordance with the variation in the steering angle; the
connection with the vehicle wheels 14 is not limited to a
connection using a rack 11 and pinion 14.
[0039] The operating side rotating member 12 and ve-
hicle wheel side rotating member 13 are connected to
each other by a transmission mechanism 20 so that the
transmission of rotation between the respective mem-
bers is possible. The transmission mechanism 20 is ca-
pable of varying the ratio of the rotational transmission
between the operating side rotating member 12 and ve-
hicle wheel side rotating member 13. Specifically, as is
shown in Fig. 2, the transmission mechanism 20 has a
housing 23, and a planetary gear mechanism 30 which
is covered by this housing 23. The housing 23 supports
the operating side rotating member 12 via bearings 21
and 22, and supports the vehicle wheel side rotating
member 13 via bearings 24 and 25. The vehicle wheel
side rotating member 13 and operating side rotating
member 12 are disposed coaxially with a gap inter-
posed. The transmission of rotation between the oper-
ating side rotating member 12 and vehicle wheel side
rotating member 13 is accomplished via the planetary
gear mechanism 30.
[0040] The planetary gear mechanism 30 has a sun
gear 31, a ring gear 32 and a carrier 34 as three ele-
ments that are capable of relative rotation. A planetary
gear 33 that engages with the sun gear 31 and ring gear
32 is held by the carrier 34. The sun gear 31 is mechan-
ically connected to the end portion of the operating side
rotating member 12 so that this sun gear 31 rotates to-
gether with the operating side rotating member 12. The
carrier 34 is connected to the vehicle wheel side rotating

member 13 so that the carrier 34 rotates together with
the vehicle wheel side rotating member 13. The ring
gear 32 is fastened via bolts 362 to a holder 36 that sur-
rounds the operating side rotating member 12. This
holder 36 is supported via a bearing 29 by a tubular
member 35 that is fastened to the housing 23 so as to
surround the operating side rotating member 12. A
worm wheel 37 is fastened to the outer circumference
of the holder 36 so that the worm wheel 37 rotates to-
gether with the holder 36. A worm 38 that engages with
the worm wheel 37 is supported by the housing 23. The
worm 38 is driven by a adjustment actuator 39 attached
to the housing 23, so that the ring gear 32, which is an
element of the planetary gear mechanism 30, is driven
by the adjustment actuator 39. A known electric motor
such as a brushless motor or hydraulic motor can be
adopted as the adjustment actuator 39. The ratio of the
rotational transmission between the operating side ro-
tating member 12 and vehicle wheel side rotating mem-
ber 13 can be varied by varying the rotational speed of
the ring gear 32 by means of the adjustment actuator 39.
[0041] A control system for the steering actuator 3 and
adjustment actuator 39 is provided. In the present em-
bodiment, as is shown in Fig. 1, an operation amount
sensor 41 which determines the rotational angle of the
operating side rotating member 12 as the amount δh of
operation of the operating member 2, a steering angle
sensor 42 which determines the rotational angle of the
vehicle wheel side rotating member 13 corresponding
to the amount of steering of the vehicle wheels 4 as the
actual steering angle δ, a speed sensor 43 which detects
the vehicle speed V as a variable that expresses the op-
erating state of the vehicle, and a torque sensor 46
which detects the actual operating torque Th of the op-
erating member 2, are connected to a control device 45
comprised of a computer.
[0042] The steering angle can be varied in accord-
ance with the operation of the operating member 2 by
controlling the steering actuator 3 by means of the con-
trol system via a driving circuit 47. For example, as
shown in Fig. 3, with the gain of the target steering angle
δ* relative to the amount of operation δh being designat-
ed as K1, the control device 45 stores the relationship
δ* = K1 3 δh in memory as a preset relationship between
the amount of operation δh and the target steering angle
δ*, and calculates the target steering angle δ* of the ve-
hicle 100 from the detected amount of operation δh and
the stored relationship. This gain K1 can be set as a
function of the vehicle speed so that the gain K1 increas-
es as the speed decreases; accordingly, as shown in
Fig. 4 (A), the target steering angle δ* is proportional to
the amount of operation δh, and the proportionality con-
stant increases as the speed decreases. The steering
actuator 3 is controlled so that the deviation between
the target steering angle δ* and the detected actual
steering angle δ decreases. For example, the control de-
vice 45 stores in memory a transfer function G1 of the
target driving current I1* of the steering actuator relative
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to the deviation between the target steering angle δ* and
the actual steering angle δ, calculates I1* from the de-
viation (δ* - δ) determined and the relationship I1* = G1
3 (δ* - δ), and drives the steering actuator 3. For exam-
ple, in cases where PI control is performed, the transfer
function G1 is determined as G1 = Ka[1 + 1/(τa 3 s)],
where Ka is the gain, τa is a time constant, and s is a
Laplace operator, and the gain Ka and time constant τa
are adjusted so that optimal control can be performed.
[0043] The ratio of the rotational transmission by the
transmission mechanism 20 can be varied by controlling
the adjustment actuator 39 by means of the control sys-
tem via the control circuit 48. Specifically, the ratio of the
rotation transmission between the operating side rotat-
ing member 12 and vehicle wheel side rotating member
13 is determined in accordance with the rotational speed
of the adjustment actuator 39 that drives the ring gear
32. Accordingly, in cases where the ratio of the rotational
transmission between the operating side rotating mem-
ber 12 which is caused to rotate as a result of the oper-
ation of the operating member 2 by the driver and the
vehicle wheel side rotating member 13 which is caused
to rotate by the variation in the steering angle δ is equal
to the ratio of the rotational transmission that is deter-
mined in accordance with the rotational speed of the ad-
justment actuator 39, no torque acts other than the
torque that is caused to act on the operating member 2
by the driver. Meanwhile, the torque that acts on the op-
erating member varies in accordance with the variation
in the rotational speed of the adjustment actuator 39.
For example, with the gain of the target operating torque
Th* relative to the amount of operation δh being desig-
nated as K2, the control device 45 stores in memory the
relationship Th* = K2 x δh as a preset relationship be-
tween the amount of operation δh and the target oper-
ating torque Th*, and calculates the target operating
torque Th* from the detected amount of operation δh
and the stored relationship. As a result, the target oper-
ating torque Th* is proportional to the amount of opera-
tion δh, as shown in Fig. 4 (B). The adjustment actuator
39 is controlled so that the deviation between the target
operating torque Th* and the actual operating torque Th
is reduced. Specifically, the adjustment actuator 39 is
controlled so that a torque that makes the operating
member 1 return to the neutral position generates. For
example, the control device 45 stores in memory a
transfer function G2 of the target driving current I2* of
the adjustment actuator 39 relative to the deviation be-
tween the target operating torque Th* and the actual op-
erating torque Th, calculates I2* from the deviation (Th*
- Th) determined and the relationship I2* = G2 3 (Th* -
Th), and drives the adjustment actuator 39. For exam-
ple, in cases where PI control is performed, the transfer
function G2 is determined as G2 = Kb [1 + 1/((τb 3 s)],
where Kb is the gain, τb is a time constant, and s is a
Laplace operator, and the gain Kb and time constant τb
are adjusted so that optimal control can be performed.
As a result, when the vehicle wheel side rotating mem-

ber 13 is caused to rotate by the variation of the steering
angle δ, and this rotation is transmitted to the operating
side rotating member 12 via the transmission mecha-
nism by the control of the steering actuator 3, the actual
operating torque Th can be caused to track the target
operating torque Th* by varying the ratio of the rotational
transmission between the operating side rotating mem-
ber 12 and vehicle wheel side rotating member 13 by
the control of the adjustment actuator 39, so that the
movement of the vehicle wheels 4 and the movement
of the operating member 1 can be prevented from inter-
fering with each other. The actual operating torque Th
is not necessarily limited to a torque that makes the op-
erating member 1 return to the neutral position; the tar-
get operating torque Th* can be set so as to act in an
arbitrary direction in accordance with the operating con-
ditions.
[0044] Abnormality detection means for detecting an
abnormality in the adjustment actuator 39 is provided.
For example, the control device 45 monitors the devia-
tion between the command value sent to the adjustment
actuator 39 from the control device 45 and the output
value of the adjustment actuator 39 determined from the
value detected by the rotational angle sensor 44, and
judges that the adjustment actuator 39 is acting abnor-
mally if the deviation is equal to or greater than a set
value.
[0045] A restraining mechanism 50 that is capable of
restraining the variation in the ratio of the rotational
transmission between the operating side rotating mem-
ber 12 and vehicle wheel side rotating member 13 is pro-
vided. There are no particular restrictions on this re-
straining mechanism 50, as long as the restraining
mechanism 50 is capable of restraining the variation in
the ratio of the rotational transmission between the ro-
tating members 12 and 13. In the present embodiment,
as shown in Fig. 5 (A), the restraining mechanism 50
has a pressing member 51 which is attached to the
housing 23 via a driving device 52. This pressing mem-
ber 51 faces the outer circumference of the worm wheel
37. The driving device 52 has a solenoid which gener-
ates a force acting on the pressing member 51 so that
the pressing member 51 moves away from the worm
wheel 37, and a spring which presses the pressing
member 51 against the outer circumference of the worm
wheel 37 when the current to the solenoid is stopped by
an abnormality detection signal from the control device
45. Teeth 51a that engage with the teeth 37a of the worm
wheel 37 are formed on the pressing member 51. The
rotation of the ring gear 32 integrated with the worm
wheel 37 is locked by the engagement of the pressing
member 51 with the worm wheel 37. Accordingly, the
ratio of the rotational transmission between the operat-
ing side rotating member 12 and vehicle wheel side ro-
tating member 13 becomes the ratio of the speed reduc-
tion in the planetary gear mechanism, which functions
as a rotational transmission mechanism with a fixed ra-
tio of the speed reduction so that the variation of the
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ratio is restrained.
[0046] As shown in a modification illustrated in Fig. 5
(B), a restraining mechanism 50' can also be structured
by the mutual connection and disconnection of at least
two elements in the abovementioned planetary gear
mechanism 30. The restraining mechanism 50' has a
pressing member 51' which is attached to the ring gear
32 via a driving device 52' so that this pressing member
51' rotates together with the ring gear 32. The pressing
member 51' faces the end surface of the carrier 34. The
carrier 34 is connected to the vehicle wheel side rotating
member 13 via splines or the like so that the carrier 34
can rotate together with the vehicle wheel side rotating
member 13 and can move relatively in the axial direc-
tion. For example, the driving device 52' is structured
from a solenoid which generates a force acting on the
pressing member 51' so that the pressing member. 51'
moves away from the carrier 34, and a spring which
presses the pressing member 51' against the carrier 34
when the current to the solenoid is stopped in accord-
ance with an abnormality detection signal from the con-
trol device 45. As a result of the pressing of the carrier
34 by the pressing member 51', the carrier 34 is clamped
by the pressing member 51' and the ring gear 32, thus
the carrier 34 and ring gear 32 are connected to each
other so as to rotate together. When the carrier 34 and
ring gear 32 rotate together, the ratio of the rotational
transmission between the operating side rotating mem-
ber 12 and vehicle wheel side rotating member 13 is 1 :
1, so that the variation is restrained.
[0047] When the variation in the ratio of the rotational
transmission between the operating side rotating mem-
ber 12 and vehicle wheel side rotating member 13 is re-
strained, the ratio need not be absolutely constant; few
variation can occur. For example, since the transmission
of rotation from the worm wheel 37 to the worm 38 is
restrained by the gear characteristics themselves of the
worm and worm wheel, the restraining mechanism 50
can also be structured from the worm wheel 37 and
worm 38 alone with cutting off the current to the adjust-
ment actuator 39 in accordance with an abnormality de-
tection signal.
[0048] When an abnormality is detected in the adjust-
ment actuator 39, the control device 45 restrains the var-
iation in the ratio of the rotational transmission between
the rotating members 12 and 13 by means of the re-
straining mechanism 50, stops the driving of the adjust-
ment actuator 39 by cutting off the current, and controls
the steering actuator 3 so that a steering assist torque
can be caused to act. For example, as shown in Fig. 6,
the magnitude of the target steering torque Ta* increas-
es with an increase in the amount of operation δh by the
action of the steering assist torque, and that decreases
with an increase in the vehicle speed V. This relationship
is stored in the control device 45. The target steering
torque Ta* is calculated from this stored relationship, the
amount of operation δh detected by the operation
amount sensor 41, and the vehicle speed V detected by

the speed sensor 43, and the control device 45 controls
the steering actuator 3 so that the deviation between this
calculated target steering torque Ta* and the actual op-
erating torque Th detected by the torque sensor 46 is
reduced.
[0049] Abnormality detection means for detecting an
abnormality in the steering actuator 3 are provided. For
example, the control device 45 monitors the deviation
between the command value sent to the steering actu-
ator 3 from the control device 45 and the output value
of the steering actuator 3 determined from the value de-
tected by the steering angle sensor 42, and judges that
the steering actuator 3 is acting abnormally if this devi-
ation is equal to or greater than a set value.
[0050] When an abnormality is detected in the steer-
ing actuator 3, the control device 45 restrains the varia-
tion in the ratio of the rotational transmission between
the rotating members 12 and 13 by means of the re-
straining mechanism 50, stops the driving of the steering
actuator 3 by cutting off the current, and controls the ad-
justment actuator 39 so that a steering assist torque can
be caused to act. For example, as shown in Fig. 6, the
magnitude of the target steering torque Ta* is increased
with an increase in the amount of operation δh, and is
decreased with an increase in the vehicle speed V for
the action of the steering assist torque. This relationship
is stored in the control device 45. The target steering
torque Ta* is calculated from this stored relationship, the
amount of operation δh detected by the operation
amount sensor 41, and the vehicle speed V detected by
the speed sensor 43, and the control device 45 controls
the adjustment actuator so that the deviation between
the calculated target steering torque Ta* and the actual
operating torque Th detected by the torque sensor 46 is
reduced.
[0051] Furthermore, when an abnormality is detected
in both the adjustment actuator 39 and steering actuator
3, the control device 45 restrains the variation in the ratio
of the rotational transmission between the rotating
members 12 and 13 by means of the restraining mech-
anism 50, and stops the driving of the steering actuator
3 and adjustment actuator 39 by cutting off the current.
As a result, the steering apparatus functions as an ordi-
nary manual type steering apparatus.
[0052] Abnormality detection means for the above-
mentioned control system are provided. In the present
embodiment, a second control device 56 and a third
control device 57 are connected to the control device
45. The respective control devices 45, 56 and 57 per-
form the same calculations independently of each other,
and the results of these calculations are compared. If
only the results of the calculations performed by the con-
trol device 45 are different, the second control device
56 outputs an abnormality detection signal. As a result
of this abnormality detection signal, the driving of the
steering actuator 3 and adjustment actuator 39 is
stopped by cutting off the current, and the restraining
mechanism 50 restrains the variation in the ratio of the
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rotational transmission between the rotating members
12 and 13. As a result, the steering apparatus functions
as an ordinary manual type steering apparatus when an
abnormality is detected in the control system.
[0053] The control procedures performed by the con-
trol devices 45, 56 and 57 are described with reference
to the flow chart shown in Fig. 8.
[0054] First, the values detected by the respective
sensors are read in (step S1). Next, a judgement is
made as to whether the abnormality flag is on or not
(step S2). If the abnormality flag is not on, the steering
actuator 3 is controlled so that the deviation between
the target steering angle δ* and actual steering angle δ
determined as described above is reduced (step S3).
Furthermore, the adjustment actuator 39 is controlled
so that the deviation between the target operating
torque Th* and actual operating torque Th determined
as described above is reduced (step S4). Afterward, the
presence or absence of an abnormality detection signal
is judged (step S5), and if there is no abnormality detec-
tion signal, a judgement is made as to whether or not to
terminate the control, e. g., according to whether or not
the ignition switch of the vehicle is on (step S6). In cases
where the control is to be terminated, the abnormality
flag is switched off (step S7), and the control is then ter-
minated. In cases where the control is not to be termi-
nated, the processing returns to step S1. In cases where
the abnormality flag is on in step S2, abnormality han-
dling processing is performed (step S8) if an abnormality
detection signal is output in step S5. Specifically, in cas-
es where an abnormality is detected in the adjustment
actuator 39, the variation in the ratio of the rotational
transmission between the two rotating members 12 and
13 is restrained by the restraining mechanism 50, the
driving of the adjustment actuator 39 is stopped by cut-
ting off the current, and the steering actuator 3 is con-
trolled so that a steering assist torque is caused to act.
In cases where an abnormality is detected in the steer-
ing actuator 3, the variation in the ratio of the rotational
transmission between the two rotating members 12 and
13 is restrained by the restraining mechanism 50, the
driving of the steering actuator 3 is stopped by cutting
off the current, and the adjustment actuator 39 is con-
trolled so that a steering assist torque is caused to act.
In cases where an abnormality is detected in both the
adjustment actuator 39 and steering actuator 3, the var-
iation in the ratio of the rotational transmission between
the operating side rotating member 12 and vehicle
wheel side rotating member 13 is restrained by the re-
straining mechanism 50 as described above, and the
driving of the steering actuator 3 and adjustment actu-
ator 39 is stopped by cutting off the current. Afterward,
the abnormality flag is switched on (step S9), and a
judgement is made in step S6 as to whether or not to
terminate the control.
[0055] In the abovementioned embodiment, the oper-
ating side rotating member 12 that is mechanically con-
nected to the operating member 1 and the vehicle wheel

side rotating member 13 that is mechanically connected
to the vehicle wheels 4 can transmit rotation to each oth-
er via the transmission mechanism 20. Accordingly, the
security of the fail-safe function can be improved. Fur-
thermore, by varying the ratio of the rotational transmis-
sion between the vehicle wheel side rotating member
13 and the operating side rotating member 12 by the
control of the adjustment actuator 39, it is possible to
cause the operating side rotating member 12 to rotate
without being affected by the rotation of the vehicle
wheel side rotating member 13. As a result, an arbitrary
torque can be caused to act on the operating member
1 without being affected by the variation in the steering
angle, so that smooth steering can be accomplished
without an mutual interference between the movement
of the vehicle wheels and the movement of the operating
member 1. Furthermore, in cases where an abnormality
is detected in the adjustment actuator 39 or steering ac-
tuator 3, the steering apparatus can function as a power
steering apparatus. Moreover, even if an abnormality
occurs in both the adjustment actuator 39 and steering
actuator 3, or in the control system, the steering appa-
ratus can function as a manual type steering apparatus.
Furthermore, the structure can be simplified by structur-
ing the transmission mechanism 20 from the planetary
gear mechanism 30 and the adjustment actuator 39
which drives one of the elements of the planetary gear
mechanism 30.
[0056] As a first modification, in cases where an ab-
normality is detected in the adjustment actuator 39, in-
stead of controlling the steering actuator 3 so that a
steering assist torque is caused to act, it would also be
possible to use a system in which the worm 38 and worm
wheel 37 are arranged so that rotation cannot be trans-
mitted from the worm wheel to the worm, and to stop the
driving of the steering actuator 3 by cutting off the cur-
rent. If the remainder of the apparatus is structured in
the same manner as in the abovementioned embodi-
ment, the steering apparatus can function as an ordinary
manual type steering apparatus by restraining the vari-
ation in the ratio of the rotational transmission between
the operating side rotating member 12 and vehicle
wheel side rotating member 13 in cases where an ab-
normality is detected in the adjustment actuator 39.
[0057] As a second modification, instead of restrain-
ing the variation in the ratio of the rotational transmission
between the two rotating members 12 and 13 by means
of the restraining mechanism 50 in cases where an ab-
normality is detected in the adjustment actuator 39, it
would be possible to stop the transmission of rotation
between the operating side rotating member 12 and ve-
hicle wheel side rotating member 13 by interposing a
clutch or the like between the two rotating members 12
and 13 in which the clutch is disengaged when an ab-
normality is detected. Furthermore, instead of control-
ling the steering actuator 3 so that a steering assist
torque is caused to act, it would be possible to control
the steering actuator 3 in the same manner as in normal
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operation. If the remainder of the apparatus is structured
in the same manner as in the abovementioned embod-
iment, the steering angle can be varied by controlling
the steering actuator 3 in accordance with the operation
of the operating member 2 in cases where an abnormal-
ity is detected in the adjustment actuator 39; further-
more, there is no interference with the operation of the
operating member 2.
[0058] As a third modification, it would also be possi-
ble that a change-over switch 55a for the abnormality
handling modes that is used in cases where an abnor-
mality is detected in the adjustment actuator 39 is con-
nected to the control device 45, and that the switching
of this switch 55a enables selection of one of three
modes, i. e., a mode in which a steering assist torque is
caused to act as in the abovementioned embodiment, a
mode in which the steering apparatus is caused to func-
tion as a manual type steering apparatus as in the first
modification, and a mode in which the steering actuator
3 is controlled in accordance with the operation of the
operating member 2 as in the second modification, as
the abnormality handling mode in cases where an ab-
normality is detected in the adjustment actuator 39. This
mode change-over switch 55a can be structured so that
the switch can be switched by the operator in the pas-
senger compartment of the vehicle, or can be set in one
of the modes at the time of manufacture of the vehicle
and structured so that the switch cannot be operated
from the passenger compartment of the vehicle.
[0059] As a fourth modification, in cases where an ab-
normality is detected in the steering actuator 3, instead
of controlling the adjustment actuator 39 so that a steer-
ing assist torque is caused to act, it would also be pos-
sible that the worm 38 and worm wheel 37 are adopted
so that rotation cannot be transmitted from the worm
wheel 37 to the worm 38, and that the driving of the ad-
justment actuator 39 is stopped by cutting off the cur-
rent. If the remainder of the apparatus is structured in
the same manner as in the abovementioned embodi-
ment, the steering apparatus can function as an ordinary
manual type steering apparatus by restraining the vari-
ation in the ratio of the rotational transmission between
the operating side rotating member 12 and vehicle
wheel side rotating member 13 in cases where an ab-
normality is detected in the steering actuator 3.
[0060] As a fifth modification, in cases where an ab-
normality is detected in the steering actuator 3, instead
of controlling the adjustment actuator 39 so that a steer-
ing assist torque is caused to act, it would also be pos-
sible to detect a variable that expresses the operating
state of the vehicle, and to control the adjustment actu-
ator 39 so that the ratio of the rotational transmission
between the operating side rotating member 12 and ve-
hicle wheel side rotating member 13 varies in accord-
ance with this detected variable. If the remainder of the
apparatus is structured in the same manner as in the
abovementioned embodiment, steering characteristics
that correspond to the operating state of the vehicle can

be obtained in cases where an abnormality is detected
in the steering actuator 39. For example, the vehicle
speed V is detected as a variable that expresses the
operating state of the vehicle, and the relationship be-
tween the vehicle speed V and the target value P* of the
ratio of the rpm between the operating side rotating
member 12 and vehicle wheel side rotating member 13
as shown in Fig. 7 is stored in the control device 45. In
the relationship between the vehicle speed V and the
target value P*, for example, the target value P* is taken
as 1 in the base state in which the vehicle speed is zero,
and is reduced as the speed increases. The control de-
vice 45 calculates the target value P* from the stored
relationship and the detected vehicle speed V, deter-
mines the target rotational speed of the vehicle wheel
side rotating member 13 from the rotational speed of the
operating side rotating member 12 that is determined
from the target value P* and the value detected by the
operation amount sensor 41, and controls the adjust-
ment actuator 39 so that the deviation between the de-
termined target rotational speed of the vehicle wheel
side rotating member 13 and the rotational speed of the
vehicle wheel side rotating member 13 determined from
the value detected by the steering angle sensor 42 is
reduced. As a result, the turning characteristics of the
vehicle in a low-speed operating state and the stability
in a high-speed operating state can be improved.
[0061] As a sixth modification, it would also be possi-
ble that a change-over switch 55b for the abnormality
handling modes that is used in cases where an abnor-
mality is detected in the steering actuator 3 is connected
to the control device 45, and that the switching of this
switch 55b enables selection of one of three modes, i.
e., a mode in which a steering assist torque is caused
to act as in the abovementioned embodiment, a mode
in which the steering apparatus is caused to function as
a manual type steering apparatus as in the fourth mod-
ification, and a mode in which the ratio of the rotational
transmission between the operating side rotating mem-
ber 12 and vehicle wheel side rotating member 13 is var-
ied in accordance with a variable that expresses the op-
erating state of the vehicle as in the fifth modification,
as the abnormality handling mode in cases where an
abnormality is detected in the steering actuator 3. The
mode change-over switch 55b can be structured so that
the switch can be switched by the operator in the pas-
senger compartment of the vehicle, or can be set in one
of the modes at the time of manufacture of the vehicle
and structured so that the switch cannot be switched
from the passenger compartment of the vehicle.
[0062] As a seventh modification, it would also be
possible to control the adjustment actuator 39 so that
the rotational force that acts on the operating side rotat-
ing member 12 is zero by setting the target operating
torque Th* at zero in the abovementioned embodiment.
As a result, the operating torque that acts on the oper-
ating member 1 when the steering angle varies can be
reduced to zero.
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[0063] As an eighth modification, it would also be pos-
sible to stop the transmission of rotation between the
operating side rotating member 12 and vehicle wheel
side rotating member 13 by the transmission mecha-
nism 20 in a state in which the mechanical connection
between the operating side rotating member 12 and ve-
hicle wheel side rotating member 13 by the transmission
mechanism 20 is maintained. For example, an electro-
magnetic clutch which is capable of disconnecting and
connecting the transmission of rotation is provided be-
tween the ring gear 32 and a holder 36 with which the
worm wheel 37 is integrated in the abovementioned em-
bodiment, and the ring gear 32 is allowed to rotate freely
by disengaging this clutch, so that the transmission of
rotation by the transmission mechanism 20 is stopped
in a state in which the mechanical connection between
the operating side rotating member 12 and vehicle
wheel side rotating member 13 is maintained. As a re-
sult, the operating torque can be reduced to approxi-
mately zero when the steering angle varies without any
need for the adjustment actuator 39 and control system.
The connecting and disconnecting via the clutch can be
accomplished by the operation of a switch connected to
the control device 45 by the driver, or the clutch can be
disengaged based on an abnormality detection signal
of the adjustment actuator 39.
[0064] The present invention is not limited to the
abovementioned embodiment and modifications.
[0065] For example, it would also be possible to con-
nect the sun gear 31 to the operating side rotating mem-
ber 12, to connect the ring gear 32 to the vehicle wheel
side rotating member 13, and to drive the carrier 34 by
means of the adjustment actuator 39. Alternatively, it
would also be possible to connect the ring gear 32 or
carrier 34 to the operating side rotating member 12, to
make the element of the planetary gear mechanism 30
that is connected to the vehicle wheel side rotating
member 13 either the sun gear 31 or ring gear 32 that
is not connected to the operating side rotating member
12, and to make the element of the planetary gear mech-
anism 30 that is driven by the adjustment actuator 39
either the sun gear 31 or carrier 34 that is not connected
to either of the rotating members 12 or 13. Specifically,
any of the respective planetary gear elements, i. e., the
sun gear 31, ring gear 32 or carrier 34, can be connected
to the operating side rotating member 12, either of the
remaining planetary gear elements that are not connect-
ed to the operating side rotating member 12 can be con-
nected to the vehicle wheel side rotating member 13,
and the planetary gear element that is not connected to
either of the rotating members 12 or 13 can be rotation-
ally driven by the adjustment actuator 39. Furthermore,
a rotational transmission mechanism other than a plan-
etary gear mechanism 30, such as a planetary cone type
rotational transmission mechanism, planetary roller
type rotational transmission mechanism, differential
gear mechanism, wave-motion gear speed reduction
mechanism, ball speed reduction mechanism or the like,

in which three elements rotate to each other and the ra-
tio of the rotational transmission between the two ele-
ments can be varied in accordance with variation in the
rotational speed of the remaining elements, can be
used, with one of the three elements being connected
to the operating side rotating member 12, either of the
remaining two elements that are not connected to the
operating side rotating member 12 being connected to
the vehicle wheel side rotating member 13, and the re-
maining element being driven by the adjustment actua-
tor 39.
[0066] Furthermore, a variable other than the vehicle
speed, such as the amount of operation of the operating
member 2, can be used instead of the vehicle speed or
together with the vehicle speed as a variable that ex-
pressed the operating state of the vehicle, and the ad-
justment actuator 39 can be controlled so that the ratio
of the rotational transmission between the rotating
members is varied in accordance with this variable when
an abnormality is detected in the steering actuator. In
cases where the amount of operation is large, the turn-
ing characteristics of the vehicle can be improved by set-
ting the ratio of the rpm between the vehicle wheel side
rotating member 13 and the operating side rotating
member 12 at a larger value than in cases where the
amount of operation is small.
[0067] Furthermore, there are no particular limitations
on the construction of the control system, as long as the
effect of the present invention can be obtained.

Claims

1. A vehicle steering apparatus comprising:

an operating member (2);
a steering actuator (3);
a steering gear which transmits the movement
of the steering actuator (3) to the vehicle
wheels (4) so that a variation in the steering an-
gle is generated;
a control system (45) which is capable of con-
trolling the steering actuator (3) so that the
steering angle varies in accordance with the op-
eration of the operating member (2);
an operating side rotating member (12) which
is mechanically connected to the operating
member (2) so as to rotate in accordance with
the operation of the operating member (2);
a vehicle wheel side rotating member (13)
which is mechanically connected to the vehicle
wheels (4) so as to rotate in accordance with
the variation in the steering angle; and
a transmission mechanism (20) which mechan-
ically connects the operating side rotating
member (12) and the vehicle wheel side rotat-
ing member (13) to each other so that the trans-
mission of rotation is possible, and so that the
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ratio of the rotational transmission can be var-
ied.

2. The vehicle steering apparatus according to claim
1, comprising:

an adjustment actuator (39) which is used to
adjust the ratio of the rotational transmission by
the transmission mechanism (20); and
a control system (45) which is capable of con-
trolling the adjustment actuator (39) so that the
ratio of the rotational transmission by the trans-
mission mechanism (20) can be varied.

3. The vehicle steering apparatus according to claim
2, comprising:

means for determining the amount of operation
of the operating member (2);
means for storing in memory a set relationship
between the amount of operation of the oper-
ating member (2) and the target steering angle;
means for calculating the target steering angle
from the determined amount of operation of the
operating member (2) and the stored relation-
ship;
means for determining the actual steering an-
gle;
means for storing in memory a set relationship
between the amount of operation of the oper-
ating member (2) and the target operating
torque;
means for calculating the target operating
torque from the determined amount of opera-
tion of the operating member (2) and the stored
relationship; and
means for determining the actual operating
torque of the operating member (2);

wherein said steering actuator (3) is made
controllable so that the deviation between the target
steering angle and the actual steering angle is re-
duced, and said adjustment actuator (39) is made
controllable so that the deviation between the target
operating torque and the actual operating torque is
reduced.

4. The vehicle steering apparatus according to claim
2, wherein the adjustment actuator (39) is made
controllable so that a torque oriented in an arbitrary
direction acts on the operating member (2).

5. The vehicle steering apparatus according to claim
2, wherein the adjustment actuator (39) is made
controllable so that the rotational force acting on the
operating side rotating member (12) is reduced to
zero.

6. The vehicle steering apparatus according to any of
claims 2 through 5, comprising:

abnormality detection means (45) for detecting
an abnormality in the adjustment actuator (39);
and
a restraining mechanism (50, 50') that is capa-
ble of restraining the variation in the ratio of the
rotational transmission between the operating
side rotating member (12) and the vehicle
wheel side rotating member (13);

wherein the variation in the ratio of the rota-
tional transmission between the operating side ro-
tating member (12) and the vehicle wheel side ro-
tating member (13) is restrained by the restraining
mechanism (50, 50'), the driving of the adjustment
actuator (39) is stopped, and the steering actuator
(3) is controlled so that a steering assist torque is
caused to act, in cases where the abnormality is de-
tected in the adjustment actuator (39).

7. The vehicle steering apparatus according to any of
claims 2 through 5, comprising:

abnormality detection means (45) for detecting
an abnormality in the adjustment actuator (39);
and
a restraining mechanism (50, 50') that is capa-
ble of restraining the variation in the ratio of the
rotational transmission between the operating
side rotating member (12) and the vehicle
wheel side rotating member (13);

wherein the variation in the ratio of the rota-
tional transmission between the operating side ro-
tating member (12) and the vehicle wheel side ro-
tating member (13) is restrained by the restraining
mechanism (50, 50'), and the driving of the adjust-
ment actuator (39) and the steering actuator (3) is
stopped, in cases where the abnormality is detected
in the adjustment actuator (39).

8. The vehicle steering apparatus according to any of
claims 2 through 5, comprising:

abnormality detection means (45) for detecting
an abnormality in the adjustment actuator (39);

wherein the driving of the adjustment actuator
(39) is stopped, and the transmission of rotation be-
tween the operating side rotating member (12) and
the vehicle wheel side rotating member (13) is
stopped, in cases where the abnormality is detected
in the adjustment actuator (39).

9. The vehicle steering apparatus according to any of
claims 2 through 5, comprising:
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abnormality detection means (45) for detecting
an abnormality in the adjustment actuator (39);
a restraining mechanism (50, 50') that is capa-
ble of restraining the variation in the ratio of the
rotational transmission between the operating
side rotating member (12) and the vehicle
wheel side rotating member (13); and
a change-over switch (55a) for the abnormality
handling modes that is used in cases where the
abnormality is detected in the adjustment actu-
ator (39);

wherein the switching of said switch (55a) en-
ables selection of one of three modes, i. e., a mode
in which the variation in the ratio of the rotational
transmission between the operating side rotating
member (12) and the vehicle wheel side rotating
member (13) is restrained by the restraining mech-
anism (50, 50'), the driving of the adjustment actu-
ator (39) is stopped, and the steering actuator (3) is
controlled so that a steering assist torque is caused
to act, a mode in which the variation in the ratio of
the rotational transmission between the operating
side rotating member (12) and the vehicle wheel
side rotating member (13) is restrained by the re-
straining mechanism (50, 50'), and the driving of the
adjustment actuator (39) and steering actuator (3)
is stopped, and a mode in which the driving of the
adjustment actuator (39) is stopped, and the trans-
mission of rotation between the operating side ro-
tating member (12) and the vehicle wheel side ro-
tating member (13) is stopped.

10. The vehicle steering apparatus according to any of
claims 2 through 5, comprising:

abnormality detection means (45) for detecting
an abnormality in the steering actuator (3); and
a restraining mechanism (50, 50') that is capa-
ble of restraining the variation in the ratio of the
rotational transmission between the operating
side rotating member (12) and the vehicle
wheel side rotating member (13);

wherein the variation in the ratio of the rota-
tional transmission between the operating side ro-
tating member (12) and the vehicle wheel side ro-
tating member (13) is restrained by the restraining
mechanism (50, 50'), the driving of the steering ac-
tuator (3) is stopped, and the adjustment actuator
(39) is controlled so that a steering assist torque is
caused to act, in cases where the abnormality is de-
tected in the steering actuator (3).

11. The vehicle steering apparatus according to any of
claims 2 through 5, comprising:

abnormality detection means (45) for detecting

an abnormality in the steering actuator (3); and
a restraining mechanism (50, 50') that is capa-
ble of restraining the variation in the ratio of the
rotational transmission between the operating
side rotating member (12) and the vehicle
wheel side rotating member (13);

wherein the variation in the ratio of the rota-
tional transmission between the operating side ro-
tating member (12) and the vehicle wheel side ro-
tating member (13) is restrained by the restraining
mechanism (50, 50'), and the driving of the adjust-
ment actuator (39) and steering actuator (3) is
stopped, in cases where the abnormality is detected
in the steering actuator (3).

12. The vehicle steering apparatus according to any of
claims 2 through 5, comprising:

abnormality detection means (45) for detecting
an abnormality in the steering actuator (3); and
means for detecting a variable that expresses
the operating state of the vehicle;

wherein the driving of the steering actuator (3)
is stopped, and the adjustment actuator (39) is con-
trolled so that the ratio of the rotational transmission
between the operating side rotating member (12)
and the vehicle wheel side rotating member (13) is
varied in accordance with the detected variable ex-
pressing the operating state of the vehicle, in cases
where the abnormality is detected in the steering
actuator (3).

13. The vehicle steering apparatus according to any of
claims 2 through 5, comprising:

abnormality detection means (45) for detecting
an abnormality in the steering actuator (3);
a restraining mechanism (50, 50') that is capa-
ble of restraining the variation in the ratio of the
rotational transmission between the operating
side rotating member (12) and the vehicle
wheel side rotating member (13);
means for detecting a variable that expresses
the operating state of the vehicle; and
a change-over switch (55b) for the abnormality
handling modes that is used in cases where the
abnormality is detected in the steering actuator
(3);

wherein the switching of said switch (55b) en-
ables selection of one of three modes, i. e., a mode
in which the variation in the ratio of the rotational
transmission between the operating side rotating
member (12) and the vehicle wheel side rotating
member (13) is restrained by the restraining mech-
anism (50, 50'), the driving of the steering actuator
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(3) is stopped, and the adjustment actuator (39) is
controlled so that a steering assist torque is caused
to act, a mode in which the variation in the ratio of
the rotational transmission between the operating
side rotating member (12) and the vehicle wheel
side rotating member (13) is restrained by the re-
straining mechanism (50, 50'), and the driving of the
adjustment actuator (39) and steering actuator (3)
is stopped, and a mode in which the driving of the
steering actuator (3) is stopped, and the adjustment
actuator (39) is controlled so that the ratio of the ro-
tational transmission between the operating side ro-
tating member (12) and the vehicle wheel side ro-
tating member (13) is caused to vary in accordance
with the detected variable that expresses the oper-
ating state of the vehicle.

14. The vehicle steering apparatus according to any of
claims 2 through 5, comprising:

abnormality detection means (45) for detecting
an abnormality in the adjustment actuator (39);
abnormality detection means for detecting an
abnormality in the steering actuator (3); and
a restraining mechanism (50, 50') that is capa-
ble of restraining the variation in the ratio of the
rotational transmission between the operating
side rotating member (12) and the vehicle
wheel side rotating member (13);

wherein the variation in the ratio of the rota-
tional transmission between the operating side ro-
tating member (12) and the vehicle wheel side ro-
tating member (13) is restrained by the restraining
mechanism (50, 50'), and the driving of the adjust-
ment actuator (39) and steering actuator (3) is
stopped, in cases where the abnormality in the ad-
justment actuator (39) and the abnormality in the
steering actuator (3) are detected.

15. The vehicle steering apparatus according to any of
claims 2 through 14, comprising:

abnormality detection means (56, 57) for de-
tecting an abnormality in the control system
(45) of the steering actuator (3) and the adjust-
ment actuator (39); and
a restraining mechanism (50, 50') that is capa-
ble of restraining the variation in the ratio of the
rotational transmission between the operating
side rotating member (12) and the vehicle
wheel side rotating member (13);

wherein the variation in the ratio of the rota-
tional transmission between the operating side ro-
tating member (12) and the vehicle wheel side ro-
tating member (13) is restrained by the restraining
mechanism (50, 50'), and the driving of the adjust-

ment actuator (39) and the steering actuator (3) is
stopped, when the abnormality is detected in the
control system (45).

16. The vehicle steering apparatus according to any of
claims 2 through 15, wherein said transmission
mechanism (20) has three elements that are capa-
ble of relative rotation, the ratio of the rotational
transmission between two of the elements can be
varied in accordance with the variation in the rota-
tional speed of the third element, one of the three
elements is connected to the operating side rotating
member (12), one of the elements that is not con-
nected to the operating side rotating member (12)
is connected to the vehicle wheel side rotating
member (13), the remaining element is driven by
said adjustment actuator (39), and said ratio of the
rotational transmission is varied by controlling said
adjustment actuator (39) by means of said control
system (45).

17. The vehicle steering apparatus according to claim
16, wherein said transmission mechanism (20) has
a planetary gear mechanism (30) in which a plane-
tary gear (33) that engages with a sun gear (31) and
a ring gear (32) is held by a carrier (34), and the sun
gear (31), ring gear (32) and carrier (34) are taken
as said three elements that are capable of relative
rotation.

18. The vehicle steering apparatus according to any of
claims 1 through 17, wherein the transmission of ro-
tation between the operating side rotating member
(12) and the vehicle wheel side rotating member
(13) via the transmission mechanism (20) can be
stopped in a state in which a mechanical connection
between the operating side rotating member (12)
and the vehicle wheel side rotating member (13) is
maintained by the transmission mechanism (20).
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